activated T cells to enhance their ability to mediate tumor destruction. 
Although adoptive immunotherapy has thus far added little to the routine 
treatment of human cancer, it is likely that continued efforts at defining 
the elements involved in T cell recognition and destruction of tumor 

cells will broaden the applicability of T cells as important 

therapeutic reagents. 
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Gene modification of tumor cells with the cDNA for interferon gamma (IFN 
gamma) has been shown to increase the immunogenicity of some tumor cells. 
In order to explore further the possible therapeutic relevance of these 
previous findings, two clones of the nonimmunogenic MCA-102 fibrosarcoma of 
C57BL/6 origin were retrovirally transduced with the cDNA encoding murine 
IFN gamma: 102. 4JK (4JK) , a clone with relatively high major 
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Adoptive T - cell therapy involves the passive transfer of 

ant igen- reactive T cells to a tumor -bearing host in order to initiate 
tumor rejection. Based upon animal models, effector T cells with 
tumor- specif ic reactivity are superior to non-specific effector T cells in 
mediating tumor regression in vivo. Both CD4 + and CD8+ T cells are capable 
of initiating tumor rejection after adoptive transfer. Several different 
culture methods have been reported that permit in vitro expansion of 
immune T cells while retaining tumor specificity. The ability to generate 
human tumor-specific effector T cells capable of mediating tumor rejection 
in vivo has provided tools to identify tumor-associated antigens. Future 
directions in this field involve the selective isolation and expansion of 
subpopulations of T cells critical to initiating tumor rejection, and the 
use of molecular techniques to generate effector T cells, 
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We show that the tumor-specific primary cytotoxic T lymphocytes (CTL) 
induced in vitro with the MCA205 fibrosarcoma cells transduced with the 
B7 . 1 (CD80) gene are highly effective in adoptive -transfer therapy of the 
parental tumors. The MCA205 fibrosarcoma cell line was transduced with the 
retroviral vectors encoding the B7 . 1 gene and tested for their efficiency 
as stimulators in short-term (5 days) mixed lymphocyte/ tumor cell cultures 
with highly purified syngenic, unprimed T cells as responders. The 
induction of the CTL required the presence of a low dose of interleukin- 2 
(25 U/ml) . The injection of the CTL prevented colony formation by the 
intravenously injected tumor cells in a lung colonization assay in which 
the CTL were injected after inoculation of tumor cells. We also showed that 
the adoptive transfer of the same T cells was effective in delaying the 
growth of the subcutaneously injected tumor cells. These results imply that 
the short-term mixed lymphocyte/tumor cell culture with the tumor cells 
transduced with the gene for the B7 . 1 cost imulatory molecule is potentially 
a good source of CTL for adoptive- transfer therapy of tumors. 
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ABSTR7V0T: We show that the tumor-specific primary cytotoxic T lymphocytes 
(CTL) induced in vitro with the MCA205 fibrosarcoma cells transduced with 
the B7 . 1 (CD80) gene are highly effective in adopt ive - trans fer therapy of 
the parental tumors. The MCA205 fibrosarcoma cell line was transduced 
with the retroviral vectors encoding the B7 . 1 gene and tested for their 
efficiency as stimulators in short-term (5 days) mixed lymphocyte/tumor 
/cell cultures with highly purified syngenic, unprimed T cells as 
responders. The induction of the CTL required the presence of a low dose 
of interleukin-2 (25 U/ml). The injection of the CTL prevented colony 



formation by the intravenously injected tumor cells in a lung 
colonization assay in which the CTL were injected after inoculation of 
tumor cells. We also showed that the adoptive transfer of the same T 
cells was effective in delaying the growth of the subcutaneous ly injected 
tumor cells. These results imply that the short-term mixed 
lymphocyte/tumor cell culture with the tumor cells transduced with the 
gene for the B7 . 1 cost imulatory molecule is potentially a good source of 
CTL for adopt ive - transfer therapy of tumors. 
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BACKGROUND: Adoptive immunotherapy of malignancy involves the passive 
transfer of antitumor-react ive cells into a host in order to mediate tumor 
regression. Based on animal models, the transfer of immune lymphoid cells 
can eradicate widely disseminated tumors and establish long-term systemic 
immunity. Critical for successful adoptive immunotherapy is the ability to 
isolate large numbers of immune cells. For clinical therapy, it will 
require the development on in vitro methods to promote the 

sensitization and propagation of tumor- react ive cells. However, this is a 
formidable task since human cancers are postulated to be poorly immunogenic 
because of their spontaneous origins. RESULTS: Human lymphoid cells for ex 
vivo activation and subsequent adoptive transfer have been derived 
from different sources, including peripheral blood, tumor, and lymph nodes. 
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Lymphokine-activated killer (LAK) cells can be generated by incubating 
fresh peripheral blood lymphocytes (PBL) in Interleukin-2 (IL-2) . LAK cells 
kill fresh autologous and allogeneic human tumor cells in vitro . This 
study analyzes aspects of LAK cells that make them a promising candidate 
for the adoptive immunotherapy of human cancer. LAK cells can be 
generated from PBL of normal individuals and tumor-bearing patients. Pure, 
recombinant IL-2 generates LAK cells capable of killing a wide variety of 
tumors including sarcomas and cancers of the colon, pancreas, adrenal 
gland, and esophagus. Thirty-six of 41 (88%) fresh, noncultured, human 
tumor cell suspensions prepared from surgical specimens were lysed by LAK 
cells in a standard 4 -hour chromium- release assay. Normal PBL were not 
killed. LAK cells can be expanded in vitro for periods longer than 2 
months, potentially more than 10 (20) -fold, while maintaining lytic ability. 
These results and the demonstrated efficacy of LAK cells in the therapy 

of murine tumors make LAK cells a candidate for clinical use in the 

adoptive immunotherapy of human cancer. 
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We show that the tumor- speci fic primary cytotoxic T lymphocytes (CTL) 
induced in vitro with the MCA205 fibrosarcoma cells transduced with the 
B7 . 1 (CD80) gene are highly effective in adopt ive - transfer therapy of the 
parental tumors. The MCA205 fibrosarcoma cell line was transduced with the 
retroviral vectors encoding the B7 . 1 gene and tested for their efficiency 
as stimulators in short-term (5 days) mixed lymphocyte/ tumor cell cultures 
with highly purified syngenic, unprimed T cells as responders. The 
induction of the CTL required the presence of a low dose of interleukin- 2 
(25 U/ml). The injection of the CTL prevented colony formation by the 
intravenously injected tumor cells in a lung colonization assay in which 
the CTL were injected after inoculation of tumor cells. We also showed that 
the adoptive transfer of the same T cells was effective in delaying the 
growth of the subcutaneously injected tumor cells. These results imply that 
the short-term mixed lymphocyte/ tumor cell culture with the tumor cells 
transduced with the gene for the B7 . 1 cost imulatory molecule is potentially 
a good source of CTL for adoptive- transfer therapy of tumors. 
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The adoptive transfer of immune T cells is capable of mediating the 
regression of established neoplasms in a variety of animal tumor models. 
The ant itumoCur rent status of adoptive immunotherapy of cancer. 
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The sentinel observations made by William B. Coley. M.D. in the 1890s 
that patients with malignancies can respond to the intratumoral inoculation 
of live bacterial organisms or bacterial toxins became the cornerstone for 
the development of immunotherapy for cancers. It has been repeatedly 
demonstrated that tumors express unique proteins which can trigger an 
immune response. The adoptive transfer of immune cells to the host with 
established malignancy can mediate complete eradication of local or 
disseminated tumors and result in systemic immunity. This review summarizes 
the current experimental as well as clinical status of adoptive 
immunotherapy of cancer. There are a number of different methods to isolate 
tumor-reactive T cells from the tumor-bearing host and allow for their ex 
vivo expansion. A new direction in this field includes attempts to 
up-regulate the immunogenici ty of tumors by genetically modifying tumor 
cells to express immunoregulatory peptides (i.e. cytokines, co- st imulatory 
molecules, etc.) in order to exploit endogenously weak immune responses to 
autochthonous tumors. Other new directions involve developing methods to 
generate or isolate tumor- react ive T cells subsets by selective in vitro 
stimulation (i.e. bacterial superant igens ) or genetic engineering of 
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J. J. Sussman, S. Shu, V. K. Sondak and A. E. Chang 

Division of Surgical Oncology, University of Michigan, Ann Arbor. 

BACKGROUND: Adoptive immunotherapy of malignancy involves the passive transfer of antitumor- 
reactive cells into a host in order to mediate tumor regression. Based on animal models, the transfer of 
immune lymphoid cells can eradicate widely disseminated tumors and establish long-term systemic 
immunity. Critical for successful adoptive immunotherapy is the ability to isolate large numbers of 
immune cells. For clinical therapy, it will require the development on in vitro methods to promote the 
sensitization and propagation of tumor-reactive cells. However, this is a formidable task since human 
cancers are postulated to be poorly immunogenic because of their spontaneous origins. RESULTS: 
Human lymphoid cells for ex vivo activation and subsequent adoptive transfer have been derived from 
different sources, including peripheral blood, tumor, and lymph nodes. Peripheral blood lymphocytes 
can be incubated with interleukin 2 to generate lymphokine-activated killer (LAK) cells, which 
nonspecifically lyse autologous and allogeneic tumor cells in vitro. LAK cell therapy represented the 
earliest attempt to treat advanced human cancers, with encouraging results documented in patients with 
renal cell cancer and melanoma. From that experience, the use of more immunologically specific cellular 
agents with potentially greater therapeutic efficacy has been investigated. One approach uses tumor- 
infiltrating lymphocytes, which have been characterized experimentally to be more specific in tumor 
reactivity compared with LAK cells. Other techniques have involved the use of lymphoid cells derived 
from lymph nodes draining tumors or primed by tumor vaccines. In vitro activation of these cells with 
tumor antigen or anti-CD3 monoclonal antibody results in the generation of T cells that mediate the 
rejection of poorly immunogenic tumors in animal studies. These alternate methods are currently being 
evaluated in clinical studies. CONCLUSIONS: Experimentally, cellular therapy is a potent method to 
eradicate progressive tumors. Initial clinical studies have demonstrated that this form of therapy is 
technically feasible and can result in meaningful antitumor responses. Advances in this area will require 
improved methods to sensitize, isolate, and expand tumor-reactive T cells for adoptive transfer. 



HOME: HI l f FEEDBACK SUBSCRIPTIONS ARCHIVE: SEARCH TABLE. OF- CONTENTS 
Copyright (Q 1994 by the Society of Surgical Oncology. 

http://wwvv.annalssurgicaloncology.org ^ 8/23/02 



